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Appendix 3: Supplementary figures [posted as supplied by author] 

 

Fig A. BMI and all cause mortality, never smokers, linear dose-response analysis, per 5 units 

 
  Relative Risk

 .5  .75  1  1.5  2  3  5

 Study
 Relative Risk
 (95% CI)

 Rissanen, 1989   1.11 ( 1.00, 1.23)
 Rissanen, 1991   1.36 ( 1.15, 1.60)
 Lee, 1993   1.52 ( 1.21, 1.92)
 Lindsted, 1997   1.19 ( 1.12, 1.26)
 Lindsted, 1998   1.25 ( 1.08, 1.46)
 Yuan, 1998   1.42 ( 1.05, 1.93)
 Singh, 1999   1.50 ( 1.33, 1.69)
 Allison, 1999, CPS1   1.23 ( 1.22, 1.24)
 Visscher, 2000   1.17 ( 1.05, 1.31)
 Visscher, 2001   0.86 ( 0.68, 1.08)
 Tsugane, 2002   1.32 ( 1.07, 1.62)
 Miyazaki, 2002   1.68 ( 1.01, 2.80)
 Engeland, 2003   1.24 ( 1.21, 1.28)
 Hu, 2004   1.36 ( 1.31, 1.41)
 Adams, 2006   1.28 ( 1.25, 1.31)
 Freedman, 2006   1.23 ( 1.14, 1.33)
 Lawlor, 2006, Renfrew-Paisley   1.25 ( 1.19, 1.31)
 Lawlor, 2006, Collaborative   1.31 ( 1.12, 1.55)
 Jee, 2006   1.13 ( 1.09, 1.17)
 Gelber, 2007   1.20 ( 1.07, 1.35)
 Mazza, 2007   0.85 ( 0.72, 1.01)
 Flegal, 2007   1.06 ( 1.00, 1.13)
 Simpson, 2007   1.12 ( 0.99, 1.27)
 Dolan, 2007   1.07 ( 0.94, 1.22)
 Pischon, 2008   1.29 ( 1.24, 1.36)
 Hozawa, 2008   1.83 ( 1.22, 2.76)
 Kivimaki, 2008   1.34 ( 1.24, 1.45)
 Pednekar, 2008   0.78 ( 0.75, 0.81)
 Zhang, 2008   1.44 ( 1.20, 1.74)
 Tsai, 2008   1.33 ( 1.22, 1.45)
 Moore, 2008   1.24 ( 1.18, 1.31)
 Sauvaget, 2008   0.92 ( 0.85, 1.00)
 Orpana, 2010   0.99 ( 0.86, 1.13)
 Odegaard, 2010   1.16 ( 1.09, 1.23)
 Bessonova, 2011   1.12 ( 1.08, 1.17)
 Boggs, 2011   1.18 ( 1.11, 1.26)
 Hotchkiss, 2011   0.94 ( 0.81, 1.10)
 Park, 2012   1.31 ( 1.27, 1.36)
 Ma, 2013   1.11 ( 1.09, 1.13)
 Singh, 2014   1.18 ( 1.07, 1.31)
 Joshy, 2014   1.21 ( 1.14, 1.28)
 Patel, 2014   1.20 ( 1.19, 1.21)
 Yi, 2015   1.11 ( 1.10, 1.13)
 Cao, 2015   1.13 ( 1.07, 1.19)

 Overall   1.18 ( 1.15, 1.21)



Fig B. Funnel plot of BMI and all cause mortality (never smokers) 
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Fig. C. BMI and all cause mortality, never smokers, African Americans, linear dose-response 

 
 

Fig D. BMI and all cause mortality, never smokers, African Americans, nonlinear dose-

response 

 

 

 
 

  Relative Risk

 .5  .75  1  1.5  2  3

 Study

 Relative Risk

 (95% CI)

 Boggs, 2011   1.13 ( 1.08, 1.19)

 Park, 2012, MEC   1.18 ( 1.13, 1.23)

 Park, 2012, NIH-AARP   1.16 ( 1.10, 1.22)

 Singh, 2013   1.10 ( 1.03, 1.17)

 Patel, 2014   1.10 ( 1.08, 1.12)

 Overall   1.13 ( 1.10, 1.17)

.8

1

1.5
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RR

15 20 25 30 35 40 45
BMI (units)

Best fitting fractional polynomial

95% confidence interval



Fig E. BMI and all cause mortality, healthy never smokers, dose-response analysis, per 5 units 

 

  Relative Risk

 .5  .75  1  1.5  2  3

 Study
 Relative Risk
 (95% CI)

 Rissanen, 1989   1.11 ( 1.00, 1.23)

 Rissanen, 1991   1.36 ( 1.15, 1.60)

 Lee, 1993   1.52 ( 1.21, 1.92)

 Lindsted, 1997   1.23 ( 1.14, 1.33)

 Singh, 1999   1.50 ( 1.33, 1.69)

 Allison, 1999, CPS1   1.23 ( 1.22, 1.24)

 Tsugane, 2002   1.32 ( 1.07, 1.62)

 Hu, 2004   1.38 ( 1.34, 1.42)

 Jee, 2006   1.13 ( 1.09, 1.17)

 Freedman, 2006   1.23 ( 1.14, 1.33)

 Gelber, 2007   1.20 ( 1.07, 1.35)

 Flegal, 2007   1.06 ( 1.00, 1.13)

 Simpson, 2007   1.12 ( 1.12, 1.27)

 Pischon, 2008   1.29 ( 1.24, 1.36)

 Hozawa, 2008   1.83 ( 1.22, 2.76)

 Kivimaki, 2008   1.34 ( 1.24, 1.45)

 Zhang, 2008   1.44 ( 1.20, 1.74)

 Sauvaget, 2008   0.92 ( 0.85, 1.00)

 Odegaard, 2010   1.13 ( 1.06, 1.21)

 Boggs, 2011   1.18 ( 1.11, 1.26)

 Hotchkiss, 2011   0.94 ( 0.81, 1.10)

 Park, 2012   1.31 ( 1.27, 1.36)

 Ma, 2013   1.11 ( 1.09, 1.13)

 Joshy, 2014   1.25 ( 1.16, 1.35)

 Patel, 2014   1.24 ( 1.23, 1.26)

 Overall   1.21 ( 1.18, 1.25)



Fig F. BMI and all cause mortality, healthy never smokers, excluding early follow-up, dose-

response analysis, per 5 units 

 
  Relative Risk

 .5  .75  1  1.5  2  3  5  10

 Study
 Relative Risk
 (95% CI)

 Lee, 1993   1.63 ( 1.28, 2.09)

 Lindsted, 1997   1.24 ( 1.14, 1.34)

 Singh, 1999   1.56 ( 1.34, 1.82)

 Stevens, 2000   1.19 ( 1.17, 1.20)

 Jee, 2006   1.13 ( 1.09, 1.17)

 Freedman, 2006   1.29 ( 1.18, 1.40)

 Zhang, 2008   1.44 ( 1.20, 1.74)

 Kivimaki, 2008   1.34 ( 1.24, 1.45)

 Odegaard, 2010   1.13 ( 1.04, 1.22)

 Park, 2012   1.34 ( 1.29, 1.38)

 Joshy, 2014   1.25 ( 1.16, 1.35)

 Overall   1.27 ( 1.21, 1.33)



Fig G. BMI and all cause mortality, all participants, dose-response analysis, per 5 units* 

 

  Relative Risk

 .5  .75  1  1.5  2  3

 Study
 Relative Risk
 (95% CI)

 Multiple Risk Factor Intervention Trial, 1986   1.14 ( 0.97, 1.33)
 Johansen, 1987   1.02 ( 0.96, 1.09)
 Rissanen, 1989   1.04 ( 1.02, 1.07)
 Rissanen, 1991   1.23 ( 1.11, 1.36)
 Ho, 1991   0.66 ( 0.45, 0.98)
 Lee, 1993   1.18 ( 1.09, 1.28)
 Kornitzer, 1993   0.97 ( 0.83, 1.14)
 Sorkin, 1994   1.18 ( 1.07, 1.29)
 Norrish, 1995   1.53 ( 0.96, 2.43)
 Hanson, 1995   1.38 ( 1.13, 1.68)
 Seidell, 1996   1.07 ( 0.99, 1.17)
 Hodge, 1996   0.88 ( 0.78, 1.00)
 Chyou, 1997   1.48 ( 1.28, 1.71)
 Maskarinec, 1998   1.18 ( 1.14, 1.22)
 Yuan, 1998   1.04 ( 0.86, 1.26)
 Seccareccia, 1998   0.96 ( 0.92, 0.99)
 Rosengren, 1999   1.25 ( 1.16, 1.34)
 Allison, 1999, CPS1   1.22 ( 1.20, 1.24)
 Allison, 1999, FHS   1.33 ( 1.25, 1.42)
 Allison, 1999, TCHS   1.25 ( 1.12, 1.40)
 Ostbye, 1999   0.57 ( 0.44, 0.73)
 Andersen, 2000   1.12 ( 1.08, 1.16)
 Baik, 2000   1.28 ( 1.16, 1.42)
 Folsom, 2000   0.92 ( 0.87, 0.96)
 Fortes, 2000   0.83 ( 0.66, 1.06)
 Haapanen-Niemi, 2000   1.03 ( 0.87, 1.22)
 Hara, 2000   0.72 ( 0.39, 1.32)
 Strawbridge, 2000   0.93 ( 0.85, 1.00)
 Grabowski, 2001   0.81 ( 0.77, 0.86)
 Katzmarzyk, 2001   1.15 ( 1.04, 1.28)
 Niverthi, 2001   1.15 ( 1.06, 1.25)
 Dey, 2001   1.24 ( 1.02, 1.51)
 Wannamethee, 2001   1.04 ( 0.93, 1.15)
 Osler, 2001   1.11 ( 0.98, 1.25)
 Barbagallo, 2001   2.11 ( 1.02, 4.36)
 Farrell, 2002   1.01 ( 0.82, 1.25)
 Stevens, 2002   1.06 ( 0.96, 1.18)
 Tsugane, 2002   1.39 ( 1.20, 1.60)
 Miyazaki, 2002   1.32 ( 0.96, 1.82)
 Miller, 2002   1.05 ( 0.92, 1.20)
 Wang, 2002   0.31 ( 0.15, 0.64)
 Somes, 2002   1.10 ( 0.81, 1.50)
 Engeland, 2003   1.17 ( 1.16, 1.17)
 Lubin, 2003   0.95 ( 0.76, 1.18)
 Thorogood, 2003   1.19 ( 1.04, 1.36)
 Hosegood, 2003   0.72 ( 0.35, 1.47)
 Kuriyama, 2004   1.10 ( 0.94, 1.28)
 Stevens, 2004   0.94 ( 0.73, 1.20)
 Sundquist, 2004   0.97 ( 0.90, 1.05)
 Maru, 2004   1.25 ( 1.15, 1.35)
 Hu, 2004   1.24 ( 1.22, 1.27)
 Hu, 2005   1.05 ( 1.02, 1.08)
 Nyholm, 2005   0.82 ( 0.67, 1.00)
 Pajak, 2005   1.12 ( 1.04, 1.21)
 Iribarren, 2005   0.80 ( 0.64, 1.00)
 Jain, 2005   1.10 ( 1.09, 1.11)
 Hayashi, 2005   1.66 ( 1.22, 2.26)
 Hjartåker, 2005   1.21 ( 1.11, 1.32)
 Chang-Claude, 2005   0.98 ( 0.81, 1.19)
 Gu, 2006   1.22 ( 1.14, 1.30)
 Adams, 2006   1.17 ( 1.15, 1.18)
 Tsai, 2006   1.17 ( 1.11, 1.23)
 van Dam, 2006   1.23 ( 1.15, 1.31)
 Jee, 2006   1.10 ( 1.07, 1.13)
 Lawlor, 2006, Renfrew/Paisley Study   1.04 ( 1.01, 1.06)
 Lawlor, 2006, Collaborative Study   1.06 ( 1.00, 1.12)
 Price, 2006   0.83 ( 0.79, 0.88)



Fig G (continued). BMI and all cause mortality, all participants, dose-response analysis, per 5 units  

 

  Relative Risk

 .5  .75  1  1.5  2  3

 Study
 Relative Risk
 (95% CI)

 Schooling, 2006   0.76 ( 0.71, 0.82)
 Baldinger, 2006   1.20 ( 1.08, 1.34)
 Ray, 2006   0.96 ( 0.71, 1.29)
 Freedman, 2006   1.18 ( 1.13, 1.24)
 Tice, 2006   0.87 ( 0.83, 0.91)
 Corrada, 2006   1.03 ( 0.99, 1.07)
 Gale, 2007   1.05 ( 0.87, 1.26)
 Smith, 2007   0.94 ( 0.83, 1.07)
 Janssen, 2007   0.96 ( 0.89, 1.03)
 Sai, 2007   1.08 ( 0.93, 1.26)
 Greenberg, 2007   1.49 ( 1.17, 1.90)
 Al Snih, 2007   0.94 ( 0.90, 0.98)
 Flegal, 2007   1.05 ( 1.01, 1.09)
 Mazza, 2007   0.80 ( 0.67, 0.96)
 Simpson, 2007   1.08 ( 1.00, 1.16)
 Locher, 2007   0.95 ( 0.79, 1.14)
 Fujino, 2007   1.02 ( 0.99, 1.06)
 Gelber, 2007   1.18 ( 1.10, 1.25)
 Dolan, 2007   0.94 ( 0.85, 1.03)
 Pischon, 2008   1.21 ( 1.18, 1.24)
 Hozawa, 2008   1.23 ( 1.00, 1.53)
 Luchsinger, 2008   1.14 ( 0.94, 1.38)
 Orsini, 2008   1.06 ( 1.00, 1.12)
 Kivimaki, 2008   1.27 ( 1.21, 1.33)
 Pednekar, 2008   0.94 ( 0.91, 0.98)
 Matsuo, 2008   1.12 ( 1.06, 1.18)
 Zhang, 2008   1.44 ( 1.20, 1.74)
 Tsai, 2008   1.23 ( 1.15, 1.31)
 Sauvaget, 2008   0.91 ( 0.85, 0.98)
 Ringback Weitoft, 2008   1.10 ( 1.04, 1.17)
 Moore, 2008   1.24 ( 1.18, 1.30)
 Kulminski, 2008   0.96 ( 0.91, 1.01)
 Korkeila, 2009   1.12 ( 1.02, 1.24)
 Reuser, 2009   1.15 ( 1.07, 1.22)
 Ferrie, 2009   1.06 ( 0.97, 1.16)
 Guallar-Castillon, 2009   0.91 ( 0.82, 1.01)
 Walter, 2009   0.98 ( 0.93, 1.03)
 Klenk, 2009   1.18 ( 1.15, 1.21)
 Wandell, 2009   1.24 ( 1.01, 1.53)
 Gulsvik, 2009   1.22 ( 1.08, 1.37)
 Stessman, 2009   0.83 ( 0.69, 1.01)
 Cesari, 2009   0.96 ( 0.76, 1.23)
 Neovius, 2009   1.35 ( 1.23, 1.48)
 Orpana, 2010   1.01 ( 0.92, 1.11)
 Iversen, 2010   1.00 ( 0.93, 1.09)
 Pierce, 2010   0.76 ( 0.62, 0.93)
 Arnlov, 2010   1.24 ( 1.12, 1.38)
 Odegaard, 2010   1.12 ( 1.08, 1.16)
 Vapattanawong, 2010   0.82 ( 0.75, 0.90)
 Bellocco, 2010   1.13 ( 1.05, 1.22)
 Lantz, 2010   0.89 ( 0.82, 0.97)
 Vessey, 2010   1.21 ( 1.10, 1.32)
 Berraho, 2010   1.02 ( 0.93, 1.11)
 Atlantis, 2010   1.00 ( 0.88, 1.15)
 Nagai, 2010   1.17 ( 1.06, 1.28)
 Byun, 2010   1.08 ( 1.03, 1.14)
 Carlsson, 2011   1.24 ( 1.21, 1.28)
 Klijs, 2011   1.03 ( 0.96, 1.10)
 Hwang, 2011   1.32 ( 1.21, 1.44)
 Lin, 2011   1.22 ( 1.10, 1.36)
 Boggs, 2011   1.15 ( 1.10, 1.19)
 Lisko, 2011   0.75 ( 0.56, 1.01)
 Wee, 2011   1.02 ( 0.99, 1.05)
 Puddu, 2011   1.13 ( 1.08, 1.18)
 Cohen-Mansfield, 2011   0.90 ( 0.83, 0.97)



Fig G (continued). BMI and all cause mortality, all participants, dose-response analysis, per 5 units  

 
* Because of the large number of studies the figure had to be divided into three different parts and because of this it was not possible to show the 

summary RR at the bottom like in the other figures. Summary RR=1.05 (95% CI: 1.04-1.07, I
2
=97.1%, pheterogeneity<0.0001). 

  Relative Risk

 .5  .75  1  1.5  2  3

 Study
 Relative Risk
 (95% CI)

 Niedhammer, 2011   0.95 ( 0.77, 1.16)
 Mehta, 2011   1.10 ( 1.00, 1.22)
 Heir, 2011   1.25 ( 1.10, 1.41)
 Tsai, 2011   0.73 ( 0.64, 0.82)
 Tognon, 2011   0.88 ( 0.76, 1.03)
 Bessonova, 2011   1.10 ( 1.06, 1.13)
 Strand, 2012   0.96 ( 0.51, 1.80)
 Pan, 2012   1.02 ( 0.98, 1.07)
 Beleigoli, 2012   0.88 ( 0.78, 1.00)
 Zunzunegui, 2012   0.89 ( 0.80, 0.98)
 Park, 2012   1.18 ( 1.17, 1.20)
 Katzmarzyk, 2012   1.14 ( 1.07, 1.21)
 Fontaine, 2012, PRHHP   1.07 ( 1.01, 1.12)
 Fontaine, 2012, SAHS   1.00 ( 0.94, 1.07)
 Fontaine, 2012, SALSA   0.98 ( 0.90, 1.06)
 Jerant, 2012   1.05 ( 0.98, 1.12)
 De Hollander, 2012   1.02 ( 0.93, 1.12)
 Chen, 2012   1.23 ( 1.14, 1.32)
 Claessen, 2012   0.96 ( 0.91, 1.02)
 Rhee, 2012   1.02 ( 0.79, 1.32)
 Cohen, 2012   1.00 ( 0.97, 1.02)
 Dobson, 2012, ALSWH   0.97 ( 0.90, 1.03)
 Dobson, 2012, HMS   0.97 ( 0.90, 1.04)
 Hotchkiss, 2013   0.92 ( 0.86, 0.98)
 Choi, 2013   0.71 ( 0.51, 1.15)
 Schmidt, 2013   1.13 ( 0.95, 1.33)
 Yano, 2013   0.82 ( 0.67, 1.01)
 Masters, 2013   1.13 ( 1.12, 1.13)
 Hinnouho, 2013   1.21 ( 1.07, 1.37)
 Takata, 2013   0.70 ( 0.58, 0.85)
 Dahl, 2013   0.91 ( 0.82, 1.01)
 Stenholm, 2014   1.03 ( 0.98, 1.08)
 Singh, 2014   1.30 ( 1.11, 1.52)
 Ghaem Maralani, 2014   1.07 ( 0.96, 1.18)
 Xiao, 2014   1.18 ( 1.16, 1.19)
 McTigue, 2014   1.14 ( 1.12, 1.16)
 Buys, 2014   0.90 ( 0.81, 1.01)
 Ford, 2014   0.93 ( 0.83, 1.04)
 Patel, 2014   1.16 ( 1.15, 1.16)
 Gao, 2014   0.96 ( 0.77, 1.20)
 Liu, 2014   1.00 ( 0.92, 1.08)
 Roh, 2014   1.10 ( 1.06, 1.14)
 Clark, 2014   1.01 ( 0.92, 1.10)
 Wu, 2014   0.90 ( 0.86, 0.95)
 Mehta, 2014   1.10 ( 0.96, 1.26)
 Lee, 2014   0.86 ( 0.72, 1.03)
 He, 2014   0.95 ( 0.83, 1.09)
 Kokkinos, 2014   0.98 ( 0.92, 1.03)
 Hirani, 2014   0.77 ( 0.67, 0.90)
 Yiengprugsawan, 2014   1.06 ( 0.89, 1.27)
 Suemoto, 2015   0.89 ( 0.79, 1.01)
 Hong, 2015, KLSHA   0.61 ( 0.43, 0.85)
 Long, 2015   1.13 ( 1.03, 1.25)
 Burman, 2015   0.81 ( 0.71, 0.93)
 Kumar, 2015   0.94 ( 0.88, 1.01)
 Qizilbash, 2015   1.04 ( 1.04, 1.05)
 Yi, 2015   1.13 ( 1.12, 1.15)
 Lu, 2015   0.85 ( 0.84, 0.86)
 Chung, 2015   0.89 ( 0.79, 1.01)
 Hong, 2015, KCS   1.18 ( 1.02, 1.37)
 Ponce-Garcia, 2015   1.15 ( 0.96, 1.37)
 Nakade, 2015   0.77 ( 0.68, 0.86)
 Dankner, 2015   1.10 ( 1.03, 1.17)
 Ganna, 2015   1.05 ( 1.01, 1.10)
 Graf, 2015   0.89 ( 0.84, 0.94)
 Mirbolouk, 2015   0.88 ( 0.70, 1.11)



Fig H. Funnel plot of BMI and all cause mortality (all participants) 
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Fig I. BMI and all cause mortality, never smokers, by sex  
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Fig J. BMI and all cause mortality, never smokers, by geographic location 
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Fig K. BMI and all cause mortality, all participants, study quality=4-6 

 
 

 

Fig L. BMI and all cause mortality, all participants, study quality=7-9 
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Fig M. BMI and all cause mortality, never smokers, study quality = 4-6 

 
 

 

Fig N. BMI and all cause mortality, never smokers, study quality = 7-9 
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Fig O. BMI and all cause mortality in never smokers, stratified by age (<65 years vs. ≥65 

years), linear dose-response analysis 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Relative Risk

 .5  .75  1  1.5  2  3  5

 Study
 Relative Risk
 (95% CI)

 Age 65+ years

 Mazza, 2007   0.85 ( 0.72, 1.01)

 Flegal, 2007   1.03 ( 0.96, 1.10)

 Dolan, 2007   1.07 ( 0.94, 1.22)

 Ma, 2013   1.04 ( 1.01, 1.07)

 Patel, 2014   1.08 ( 1.05, 1.10)

 Yi, 2015   1.03 ( 1.01, 1.05)

 Subtotal   1.04 ( 1.01, 1.07)

 Age less than 65 years

 Lindsted, 1997   1.36 ( 1.19, 1.57)

 Lindsted, 1998   1.34 ( 0.98, 1.82)

 Singh, 1999   1.41 ( 1.05, 1.91)

 Yuan, 1998   1.42 ( 1.05, 1.93)

 Visscher, 2000   1.17 ( 1.05, 1.31)

 Tsugane, 2002   1.32 ( 1.07, 1.62)

 Hu, 2004   1.36 ( 1.31, 1.41)

 Freedman, 2006   1.23 ( 1.14, 1.33)

 Lawlor, 2006, Renfrew-Paisley   1.25 ( 1.19, 1.31)

 Lawlor, 2006, Collaborative   1.31 ( 1.12, 1.55)

 Flegal, 2007   1.07 ( 0.91, 1.25)

 Ma, 2013   1.27 ( 1.22, 1.31)

 Patel, 2014   1.37 ( 1.35, 1.39)

 Yi, 2015   1.21 ( 1.18, 1.23)

 Subtotal   1.27 ( 1.22, 1.34)



Fig P. BMI and all cause mortality in never smokers, age <65 years, nonlinear dose-response 

analysis 

 
 

Fig Q. BMI and all cause mortality in never smokers, age ≥65 years, nonlinear dose-response 

analysis 
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